Yang M, Milovanova TN, Bogush M, Uzun G, Bhopale VM, Thom SR. Microparticle enlargement and altered surface proteins after air decompression are associated with inflammatory vascular injuries. J Appl Physiol 112: 204-211, 2012. First published September 29, 2011 doi:10.1152/japplphysiol.00953.2011.-Studies in a murine model have shown that decompression stress triggers a progressive elevation in the number of circulating annexin V-coated microparticles derived from leukocytes, erythrocytes, platelets, and endothelial cells. We noted that some particles appeared to be larger than anticipated, and size continued to increase for Ն24 h postdecompression. These observations led to the hypothesis that inert gas bubbles caused the enlargement and particle size could be reduced by hydrostatic pressure. After demonstrating pressure-induced particle size reduction, we hypothesized that annexin V-positive particle changes associated with decompression contributed to their proinflammatory potential. Intravenous injection of naive mice with particles isolated from decompressed mice, but not control mice, caused intravascular neutrophil activation; perivascular neutrophil sequestration and tissue injuries were documented as elevations of vascular permeability and activated caspase-3. These changes were not observed if mice were injected with particles that had been subjected to hydrostatic recompression or particles that had been emulsified by incubation with polyethylene glycol telomere B surfactant. Hydrostatic pressure and surfactant incubation also altered the pattern of proteins expressed on the surface of particles. We conclude that proinflammatory events and vascular damage are due to enlargement of annexin V-coated particles and/or changes in surface marker protein pattern associated with provocative decompression. Injection of annexin V-coated particles from decompressed mice will recapitulate the pathophysiological vascular changes observed following decompression stress.
DECOMPRESSION SICKNESS (DCS) is a systemic pathophysiological process that occurs after tissues become supersaturated with gas. Inert gases inhaled while breathing are taken up by tissues in proportion to the ambient pressure, and when pressure is reduced, some of the gas released from tissues forms bubbles because of the presence of gas cavitation nuclei (4, 7, 25, 26) . The central role of bubbles as an inciting factor for DCS is widely accepted, but the pathophysiological responses that mediate tissue injury remain unclear. DCS has been associated with endothelial dysfunction, platelet activation, occasional alterations in coagulation pathways, and rare reduction of circulating platelet counts (2, 18 -20) . Neutrophil activation and perivascular adherence are associated with functional deficits postdecompression in animal models (14, 17) . DCS is a risk associated with deep-sea SCUBA diving, high-altitude aviation, and space exploration.
Microparticles (MPs) are defined as 0.1-to 1.0-m-diameter lipid bilayer-enclosed membranous vesicles. MPs are generated when cells undergo oxidative stress, apoptosis, or cell activation/calcium influx, and circulating MPs are characterized by their expression of antigenic markers from parent cells (5, 6, 8, 21) . As MPs bud from these cells, negatively charged phosphatidylserine residues are exposed, which often leads to secondary binding of annexin V. MPs can directly stimulate release of proinflammatory cytokines, and platelet-derived MPs stimulate leukocyte activation and aggregation (10, 12, 15) . Annexin V-positive platelet MPs exhibit procoagulant activity (3) .
Circulating MPs are increased in humans subjected to simulated SCUBA diving (13, 24) . We have reported that mice subjected to varying decompression stresses exhibit progressive elevations in circulating MPs derived from leukocytes, erythrocytes, platelets, and endothelial cells (23) . We showed that MPs can be lysed by incubation with a surfactant, polyethylene glycol telomere B (PEG). The number of circulating MPs in mice subjected to decompression stress can be reduced by infusion with PEG or with antibody to annexin V. These manipulations will reduce decompression-induced intravascular neutrophil activation, perivascular neutrophil sequestration, and tissue injury documented as elevations of vascular permeability and activated caspase-3.
While observing MPs from decompressed mice, we noted that some appeared to be larger than anticipated. We hypothesized that particle enlargement might arise because of inert gas supersaturation associated with decompression, and size could be reduced if the particles were exposed to hydrostatic pressure. Furthermore, we hypothesized that changes in MPs associated with decompression contributed to their proinflammatory potential. Therefore, additional studies were conducted to evaluate annexin V-positive particle surface markers and the propensity for annexin V-positive particles to elicit neutrophil activation and vascular damage when injected into naive mice.
METHODS

Materials.
Unless otherwise noted, chemicals were purchased from Sigma-Aldrich (St. Louis, MO). Annexin binding buffer and the following antibodies were purchased from BD Pharmingen (San Jose, CA): FITC-conjugated anti-annexin V, FITC-conjugated anti-mouse myeloperoxidase (MPO), R-phycoerythrin (R-PE)-conjugated anti-mouse CD146, PerCP/Cy5.5-conjugated anti-mouse CD41, PerCP/ Cy5.5-conjugated anti-mouse CD14, allophycocyanin (APC)-conjugated anti-mouse glycophorin A, APC-conjugated anti-mouse CD31, and APC-conjugated anti-mouse von Willebrand factor. R-PE-conjugated anti-mouse CD41 was purchased from e-Biosciences (San Diego, CA), PerCP/Cy5.5-conjugated anti-human CD66b from Biolegend (San Diego, CA), and Alexa 647-conjugated anti-mouse CD18 from Serotec (Raleigh, NC).
Animals. All aspects of the study were reviewed and approved by the Institutional Animal Care and Use Committee. Mice (Mus musculus) were purchased from Jackson Laboratories (Bar Harbor, ME), fed a standard rodent diet and water ad libitum, and housed in the animal facility of the University of Pennsylvania. Mice were left to breathe room air (control) or subjected to 790 kPa (100 psi) air pressure for 2 h as described elsewhere (23) . All manipulations were as described previously (23) , except only a small aliquot of heparinized blood obtained from anesthetized mice was immediately combined with commercial fixative (100 l/ml Caltag Reagent A fixation medium, Invitrogen, Carlsbad, CA) after decompression for evaluation of leukocyte activation and MPs. Most blood was not fixed immediately, because immediate fixation of blood prevented postdecompression changes in the size of the MPs.
Standard procedures for MP acquisition and processing. All reagents and solutions used for MP analysis were sterile and filtered (0.2-m filter). Most of the blood used in the study was obtained from mice killed 2 h after exposure to 790 kPa air pressure for 2 h. Blood samples from two mice were typically pooled to obtain sufficient material for daily experiments. Heparinized blood was centrifuged for 5 min at 1,500 g, and the supernatant was suspended in 0.2 M EDTA to diminish ex vivo MPs aggregation. Some of the sample was fixed and used to analyze MP sizes in early experiments. In the majority of studies, the supernatant was centrifuged at 15,000 g for 30 min to pellet the few remaining platelets and cell debris. Supernatant was parceled among centrifuge tubes at a ratio of 250 l to 4 ml of PBS and centrifuged at 100,000 g for 60 min (typically 3-4 tubes/ experiment). Supernatant (4 ml) was then carefully removed, and a small portion was analyzed to assess MP isolation efficiency. The supernatant solutions remaining after the 100,000-g centrifugation of control samples contained 252 Ϯ 25 (SE) MPs/l, and samples from decompressed mice contained 256 Ϯ 31 MPs/l [n ϭ 11, P ϭ not significant (NS)]. We conclude that MP recovery efficiency did not differ between samples. The MP pellet was resuspended in the ϳ250 l of supernatant remaining in the centrifuge tube and used for further experimentation.
The resuspended MP samples were combined at a 1:1 (vol/vol) ratio with PBS, and aliquots were placed in sterile syringes. All MP samples for daily experiments were pooled and processed to generate one of three suspensions (type a, b, or c) for injection into naive mice. Type a particles were left on the benchtop for 1 h, type b particles were subjected to hydrostatic recompression to 790 kPa and incubated for 1 h at room temperature, and type c particles were made 33% (vol/vol) with PEG and incubated at 37°C for 1 h to lyse the annexin V-positive particles. To achieve hydrostatic recompression, the samples contained within closed plastic syringes were placed inside a stainless steel pressure vessel with 1.4-cm-thick walls and 260-ml internal volume. Air pressure was applied, so that the syringe plunger subjected the MP solution to an elevated hydrostatic pressure. Temperature changes associated with this process were determined with a thermometer immersed in the same volume of solution used in MP experiments. No measurable change in temperature (sensitivity limit 0.1°C) was noted, which we interpret as due to the large heat sink posed by the thick steel chamber walls.
After these incubations, a small portion of the sample was fixed combined with 100 l of PEG for the 1-h incubation) were combined with 100 l of PBS. At exactly 2 h following isolation of annexin V-positive particles from mice by the 15,000 g centrifugation, 400-l preparations of one of the three particle samples were injected into naive mice via the dorsal tail vein. Control animals were injected with 400 l of PBS; as a control for the PEG-incubated particle studies, mice were injected with 400 l of a 25% (vol/vol) solution of PEG in PBS. At 1 h after injection, mice were anesthetized, exsanguinated, and injected with lysine-fixable rhodamine-dextran (2 ϫ 10 6 Da) and then with colloidal silica following published methods (23) . Endothelium-enriched fractions were obtained for analysis from brain, leg skeletal muscle, psoas, and omentum.
Flow cytometry. Flow cytometry was performed with a 10-color FACSCanto (Becton Dickinson, San Jose, CA) using standard acquisition software. Events were counted based on light scatter, with gates set to include 0.3-to 6.5-m particles, excluding background corresponding to debris usually present in buffers. MPs were stained with annexin V antibody and analyzed as previously described, except samples also included 0.3-m-diameter (Sigma) and 1.0-, 3.0-, and 6.5-m-diameter (Spherotech, Lake Forest, IL) microbeads, which were used for initial settings and before each experiment to estimate MP diameters. Analysis involved establishing true-negative controls by a fluorescence-minus-one analysis and by using isotype-matched irrelevant antibodies at the same concentration and under the same conditions. Forward and side scatter were set at logarithmic gain. The absolute numbers of MPs per milliliter of plasma were determined by counting the proportion of beads and the exact volume of plasma from which MPs were analyzed. Analysis of leukocytes was performed on fixed blood samples, as previously described (23) .
Colloidal silica-endothelium isolation technique and Western analysis. Methods were exactly as described elsewhere (23) . Tissue supernatants prepared from brain, omentum, leg skeletal muscle, and psoas were analyzed by Western blots, with ␤-actin used to control for protein loading.
Vascular permeability assay. Lysine-fixable tetramethylrhodamine-conjugated dextran (2 ϫ 10 6 Da; Invitrogen) was prepared and used exactly as described elsewhere (23) . Vascular permeability, quantified as perivascular dextran uptake in experimental groups, was normalized to a value obtained with a control mouse included in each experiment.
Confocal microscopy. Images of annexin V-positive particles were acquired using a Zeiss Meta510 confocal microscope equipped with a Plan-Apochromat ϫ63/1.4 numerical aperture oil objective, as previously described (23) . Particle suspensions were stained with R-PEconjugated anti-annexin V antibody, as previously described (23), combined with a small number of FITC-containing 0.86-m-diameter beads (Sigma), and placed on slides. Slides were visually inspected to ensure that no aggregates were present; then images were obtained and analyzed using ImageJ software.
Statistical analysis. Sigmastat software (Systat, Point Richmond, CA) was used for statistical analysis. Neutrophil activation, elevations in size of different circulating annexin V-positive particle populations, and tissue changes across multiple organs were analyzed by ANOVA followed by the Holm-Sidak test. Single comparisons were performed using Student's t-tests.
RESULTS
MP elevations postdecompression.
This investigation focused on changes in MPs from mice after they were decompressed following exposure to 790 kPa air pressure for 2 h. As in previous studies, the number of circulating MPs was elevated after decompression. Control animals (ϳ100 kPa air pressure) had 1,982 Ϯ 145 (SE) MPs/l plasma (n ϭ 11). At 2 h after decompression, mice had 8,165 Ϯ 402 (P Ͻ 0.05, n ϭ 11) MPs/l plasma. Among all Յ1-m-diameter circulating particles, 97.4 Ϯ 0.5% were annexin V-positive in control mice and 95.4 Ϯ 0.5% (P ϭ NS) were annexin V-positive in mice killed 2 h after the decompression stress.
MPs enlarge after decompression. The morphology of annexin V-positive MPs was examined using a multi-photon microscope. FITC-containing 0.86-m-diameter beads were included in the suspensions to estimate particle sizes. In most microscope fields of samples from mice subjected to decompression stress, many annexin V-positive particles appeared to be larger than the FITC-beads (Fig. 1) . To survey a large number of particles, blood was obtained for flow cytometry analysis from control mice exposed to ambient air or from mice exposed to 790 kPa air pressure for 2 h and then left undisturbed for up to 24 h before they were killed. Blood was fixed immediately after it was obtained from the mice. As shown in Fig. 2 , virtually all annexin V-positive particles from control mice were 0.3-1 m. At various times postdecompression, however, the 0.3-to 1-m pool size was significantly diminished and a greater proportion of annexin V-positive particles exceeded this size range.
While measures were taken to avoid MP aggregation in the plasma samples, we were concerned that what appeared to be enlarged annexin V-positive particles in the flow cytometer might be MP aggregates. Therefore, a new series of studies was performed. Mice were subjected to decompression, blood samples were fixed, and after annexin V-positive particles were isolated, the particles were inspected by confocal microscopy. Once we were assured that there were no particle aggregates, particle diameters were evaluated using computer imaging software. The distribution of annexin V-positive particles is shown in Table 1 . There were significantly higher percentages with diameters Ͼ1.0 m in samples from decompressed mice. In control mice, 5.5% of annexin V-positive particles were Ͼ1.0 m. The mean diameter of these larger particles was 1.44 Ϯ 0.03 m (n ϭ 5). In mice killed immediately after decompression, 16.4% of annexin V-positive particles were Ͼ1.0 m (P Ͻ 0.05 vs. control), and the mean diameter of the larger particles was 1.44 Ϯ 0.04 m (n ϭ 6, P ϭ NS vs. control). In mice killed 2 h postdecompression, 22.9% of annexin V-positive particles were Ͼ1.0 m (P Ͻ 0.05 vs.
control and immediate postdecompression mice), and the mean diameter of these particles was 2.87 Ϯ 0.63 m (n ϭ 5, P Ͻ 0.05 vs. control and immediate postdecompression mice). In mice killed 24 h postdecompression, 18.6% of annexin V-positive particles were Ͼ1.0 m (P Ͻ 0.05 vs. control and immediate postdecompression mice), and the mean diameter of these larger particles was 3.31 Ϯ 0.80 m (n ϭ 3, P Ͻ 0.05 vs. control and immediate postdecompression mice).
Large MPs can be reduced in size by hydrostatic recompression. We hypothesized that annexin V-positive particle enlargement postdecompression may occur because of the presence of inert gas bubbles. To test this, samples were subjected to hydrostatic pressure. As described in METHODS, for these studies, particle samples were obtained from mice killed 2 h after exposure to 790 kPa air pressure for 2 h. Analyses of particle sizes in samples exposed for 1 h to ambient pressure or to 790 kPa hydrostatic pressure are shown in Table 2 . It was clear that hydrostatic recompression reduced the fraction of Ͼ1-mdiameter particles. With this finding, our plan was to evaluate the pathophysiological impact of injecting the annexin V-positive particles into normal mice.
Leukocyte activation caused by particle injections. Plasma particles were isolated from decompressed mice and processed as described in METHODS for intravenous injection into naive mice. After isolation, samples were manipulated for 1 h in one of three ways: (a) left on the benchtop (no recompression), (b) subjected to hydrostatic recompression, or (c) incubated with PEG to cause particle lysis. The mean number of annexin V-positive particles in these samples after manipulations and prior to injection into normal mice is shown in Table 3 . All samples were injected exactly 2 h after isolation from plasma. Figure 3 shows a series of measurements of neutrophils obtained from mice injected with one of the five solutions: type a, b, or c plasma sample, PBS (control), or the same concentration of PEG in PBS that matched the type c plasma samples. The only neutrophils to exhibit evidence of activation based on significantly increased surface expression of CD18 (a component of ␤ 2 -integrins), MPO, and also evidence of interaction with platelets or platelet-derived particles based on surface expression of CD41, the platelet-specific ␣ 2b -integrin protein, were those from mice injected with type a particles. Perivascular changes caused by particle injections. Next, we examined whether injecting the different types of annexin V-positive particles caused perivascular changes similar to those we have reported for decompressed mice. Tissue homogenates from brain, omentum, leg muscle, and psoas were enriched for vascular endothelium. Significant elevations of the neutrophil-specific CD66b protein, MPO, and cleaved caspase-3 were found in mice injected with type a particles but not in mice injected with any of the other solutions (Fig. 4) .
Increased vascular permeability caused by plasma particle injections. Vascular permeability to rhodamine-labeled dextran was assayed in the same mice used for the analyses of perivascular protein deposition. Permeability to lysine-fixable 2 ϫ 10 6 Da rhodamine-conjugated dextran was significantly elevated in all tissues from mice injected with type a plasma particles, but no significant leak was detected in mice injected with the other solutions (Fig. 5) .
Annexin V-positive particles in the circulation of injected mice. We have shown that decompression stress increases the number of circulating MPs and that these MPs interact such that they express numerous markers for different cell types. We were interested in analyzing the circulating MPs in mice injected with the various solutions (PBS, PBS ϩ PEG, and type a, b, and c particles). No significant elevations in particle numbers were found among mice injected with PEG-containing solutions (Fig. 6 ). There were significantly more MPs in mice injected with type a and b particles than in control (PBS-injected) mice. The number of MPs was significantly higher in the mice injected with particles left at ambient pressure (type a) than in those subjected to hydrostatic recompression (type b).
Subtype analysis of the circulating MPs is shown in Fig. 7 . MPs expressing each protein were significantly elevated over control in mice injected with standard or recompressed annexin V-positive particles (type a or b suspensions). As in our prior report, because some MPs express more than one surface protein, the total for a mouse group may exceed 100%. Although values appear somewhat higher in mice injected with particle samples preincubated with PEG, these values were not significantly elevated over values in mice injected with PBS or PBS ϩ PEG (ANOVA).
Surface markers on injected MPs. The differences in circulating MPs from mice injected with the different preparations prompted us to examine the surface protein expression patterns for the annexin V-positive particle samples prepared for injection. That is, samples were analyzed by flow cytometry before they were injected into mice. Hydrostatic pressurization and PEG incubation caused significant changes in surface proteins compared with samples left for 1 h in PBS at ambient pressure (Table 4) .
DISCUSSION
MPs have been implicated in a number of pathological processes, and we have demonstrated their involvement with proinflammatory injuries following decompression stress (6, 8, 23) . Results from this study demonstrate that intravascular phenomena associated with MPs are complex, and injuries 555-3,885) . Plasma samples were obtained from control mice or mice exposed to 790 kPa air pressure for 2 h and killed immediately, 2 h, or 24 h later. Blood was fixed immediately after it was withdrawn from the mice to prevent ex vivo particle enlargement. Diameters were quantified using computer imaging software. *P Ͻ 0.05. Values are means Ϯ SE, expressed as percentage of total number of annexin V-positive particles; number of animals is shown in parentheses. Samples were obtained from mice exposed to 790 kPa air pressure for 2 h and then exposed to ambient pressure or 790 kPa hydrostatic pressure for 1 h. Analyses were performed on samples fixed exactly 2 h after being obtained from mice. *P Ͻ 0.05. linked to their presence involve more than merely an increase in the number of circulating MPs.
Annexin V-positive particle size. Early in this study, we found that annexin V-positive particles enlarge postdecompression, and sizes continue to change for Ն24 h. We evaluated this issue using flow cytometry and microscopy. We believe the microscopic measurements are more reliable, because there is greater sensitivity to detect small differences in particle sizes via microscopic measurement than via flow cytometry and there is greater assurance that particle aggregates are not being measured.
Particle sizes can be reduced by hydrostatic recompression, indicating that some contain a gas phase. Several potential mechanisms explain this process. Some particles normally have a gas nucleus; so on decompression, nitrogen from supersaturated tissues diffuses into the gas phase to cause particle enlargement. This is an appealing possibility, because the size of the particles fits mathematical models predicting the size of gas cavitation nuclei in previous studies of decompression pathophysiology. Gas nuclei responsible for inert gas bubble formation were predicted to have a radius up to ϳ0.6 m (e.g., 1.2 m diameter) (7, 25, 26) . Of course, how MPs should come to have a gas phase is unknown.
An alternative mechanism is that gas bubbles form on decompression, and existing MPs in the circulation are disrupted by bubble shear forces. The proteins and lipids that comprise the MPs then reaggregate around the gas bubbles, which are the source of the enlarged, annexin V-positive particles observed in the plasma of decompressed mice. A fragmentation event might also explain why the number of particles in recompressed samples (type b) tended to be higher. While the number of type b particles injected was not statistically significantly different from the number of type a particles, on average ϳ12,000 more particles/l were present in samples consisting of type b particles (Table 3) . Annexin V-positive particle surface proteins. Manipulations to prepare MPs for injection that involved hydrostatic pressure and PEG incubation (type b and c) altered their surface protein expression patterns (Table 4 ). The surface marker pattern of MPs isolated from decompressed mice and left on the benchtop for 1 h to generate standard (type a) suspensions is very similar to the pattern seen on MPs directly isolated from mice subjected to decompression from 790 kPa, as we reported previously (23) . We conclude, therefore, that merely incubating particle suspensions in PBS for 1 h causes little change in surface marker distribution. This contrasts sharply with surface marker patterns observed on particles subjected to hydrostatic pressure (type b) or PEG incubation (type c). That emulsification with PEG should cause surface marker redistribution is not particularly surprising. We believe that evidence of redistribution of surface proteins caused by subjecting particles to hydrostatic pressure offers indirect evidence that some, indeed, Values are means Ϯ SE, expressed as number of particles per microliter of solution; number of animals is shown in parentheses. 200 l of particles were injected into each mouse. PEG, polyethylene glycol telomere B. *P Ͻ 0.05 vs. the other 2 samples. do possess a gas phase. This is because subjecting particles to hydrostatic pressure would cause a physical distortion that would not occur if they are fluid-filled. If just fluid-filled, MPs would be virtually incompressible. In that case, pressurization to 790 kPa would have the same effect on all molecules in each particle. No physical distortion would be anticipated, and 790 kPa should result in a rather nominal perturbation of particle constituents. That is, the influence of hydrostatic pressure on molecules is dependent on the volume change of a reaction: the rate of a reaction is enhanced if the volume change is negative and inhibited if the volume change is positive. Hydrostatic pressures in hundreds of MPa, not kPa, are required for an effect on protein conformation (9, 16) . While MPs are complex protein-lipid structures, pressures far higher than applied in our study are necessary to change physical protein-lipid bilayer characteristics, and hydrostatic pressure may even offer a stabilizing force (11, 22) .
The changes in surface protein pattern among the various particle preparations used for injections once again speak to the dynamic nature of MPs. They also complicate interpretation of the pathological effects associated with injecting type a vs. type b or c particles into naive mice. Only type a particles caused intravascular neutrophil activation, neutrophil adherence to the vascular wall, caspase-3 activation, and increased vascular permeability. Hydrostatic recompression decreased the number of Ͼ1-m-diameter annexin V particles in type b preparations, and PEG emulsified Ͼ90% of all the particles. In addition to particle size and gross number, surface protein pattern on type a particles may also play a role in proinflammatory effects. In our previous study, however, we noted that MPs expressing CD41 and CD66b were closely associated with development of vascular injuries (23) . Given that MPs expressing CD41 and CD66b were more numerous following exposures to hydrostatic pressure (Table 4) , they would not be expected to exhibit a decreased propensity for causing neutrophil activation or perivascular injuries compared with type a particles.
We also found marked differences in the surface characteristics of circulating MPs isolated from mice 1 h after type a and b particle injections (Fig. 7) vs. those found in control mice. In our previous study, we noted that MPs interact and share surface markers (23) . There were significant elevations in MPs exhibiting a number of markers, including CD41, CD66b, von Willebrand factor, glycophorin A, and tissue factor, from mice injected with type a or b particles. In fact, there were few differences in the surface markers of circulating MPs from mice injected with these two types of particles. Injections of PEG-treated MPs (type c) caused some perturbations in circulating MP surface protein expression, but the results were not significantly different from markers expressed on MPs from control mice injected with PBS.
Annexin V-positive particle retention in blood. In addition to differences in size distribution, surface marker expression pattern, and propensity for causing inflammatory vascular injuries between standard annexin V-positive particles (type a) and those subjected to hydrostatic recompression (type b), there were also substantial differences in the rate at which they were cleared from the circulation. For example, mice injected with type a particles received 6.2 ϫ 10 6 particles (200 l ϫ 30,790 particles/l; Table 3) , and 1 h later the number in the circulation was ϳ8,300/l (Fig. 6) . With the assumption that the average 20-g mouse has a plasma volume of ϳ980 l (1), the total count was ϳ8.1 ϫ 10 6 particles. This number would Fig. 4 . MPO, CD66b, and activated caspase-3 in tissue homogenates. Tissues were isolated, enriched for endothelium, and analyzed. Western blot band densities are expressed relative to band density of tissue from control animals (injected with PBS) run on the same blot (therefore, control value ϭ 1.0). Mice were injected with solutions as described in Fig. 3 legend. Data for mice injected with PBS ϩ PEG were virtually identical to data for control mice injected with PBS (data not shown).
Values are means Ϯ SE; n ϭ 4 -10 for each group. *P Ͻ 0.05 vs. control.
be expected, given that the average mouse has ϳ2,000 MPs/l before any manipulations, or a total of 2 ϫ 10 6 MPs (control mice in this report and as reported in our previous study) (23) ; that is, 6.2 ϫ 10 6 ϩ 2 ϫ 10 6 ϭ 8.2 ϫ 10 6 particles in these mice. This suggests that there was virtually no clearance of particles in the 1 h following injection. In contrast, mice injected with particles subjected to hydrostatic pressure (type b) received ϳ8.4 ϫ 10 6 particles (42,119/l ϫ 200 l; Table  3) , and 1 h later the number in the circulation was ϳ3.9 ϫ 10 6 (3,900/l ϫ 980 l; Fig. 6 ). Again with the assumption that the mice had ϳ2 ϫ 10 6 MPs prior to the injection, ϳ62% {100 ϫ [1 Ϫ (3.9/8.4 ϩ 2)]} were cleared from the circulation in the 1 h after injection. We recognize, however, that our interpretation may be somewhat simplistic. That is, because MPs are proinflammatory (at least, type a), it is possible that some of the MPs seen after injection of type a particles are due to production of new particles from pathological intravascular events that do not occur with type b and c MPs because of their smaller size and/or different surface marker expression pattern. In summary, we conclude from this study that injection of annexin V-positive particles from decompressed mice will recapitulate the pathophysiological vascular changes observed in decompressed mice (23) . Particle injections will cause Fig. 5 . Rhodamine-labeled dextran uptake, measured as leakage of lysinefixable rhodamine-conjugated 2 ϫ 10 6 Da dextran, in mice injected with solutions as described in Fig. 3 legend. Values reflect ratio of fluorescence/mg protein in homogenates from injected mice to that in homogenates from control mice injected with the same lot of rhodamine-dextran and run on the same day. Data for mice injected with PBS ϩ PEG were virtually identical to data for control mice injected with PBS (data not shown). Values are means Ϯ SE; n ϭ 4 -10 for each group. *P Ͻ 0.05 vs. control. intravascular neutrophil activation, neutrophil adherence to the vascular wall, caspase-3 activation, and increased vascular permeability. Furthermore, we find that the pathological impact of injected annexin V-positive particles can be profoundly altered with ex vivo manipulations. Results indicate that a certain particle size distribution and/or surface protein pattern is required to initiate proinflammatory vascular injuries.
Our results provide additional insight into decompression pathophysiology; therefore, they are relevant for SCUBA diving, high-altitude aviation, and space exploration. Questions persist regarding the mechanism for MP enlargement postdecompression, differences in inflammatory responses caused by particles manipulated ex vivo in different ways, and the kinetics of particle clearance. Further work is required to address these questions and also to ascertain whether elevations in the total number and diameters of circulating annexin V-positive particles occur in humans subjected to decompression stresses.
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